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(54) Generator of clock signals for the synchronization of a system for processing digital data 
packets 



(57) This generator of clock signals for the synchro- 
nization of a system for processing digital data packets 
(10), on the basis of program clock reference values 
(PCR) transmitted by the packets, comprising counting 
means (68-a, 74) for storing a clock reference value 
(PCR) and incremented under the control of a voltage- 
controlled oscillator (78), and means (68-b, 76) for stor- 
ing the contents of the counting means (68-a, 74) in- 
cludes hardware means (64) for decoding a header sig- 



nal (12) so as to transfer the contents of the counting 
means (68-a, 74) into the storage means (68-b, 76) and 
a processing unit (66) decoding a useful signal (14) of 
the packets so as to decode the said clock value (PCR) 
and making a correction to the value held in the storage 
means (68-b, 76) as a function of the number of transi- 
tions of the oscillator between the position of the said 
characteristic (28) and the position of the said reference 
clock value (PCR) and furthermore the calculation of the 
said voltage so as to produce the said clock signals. 
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Description 

The present invention relates to a generator of clock 
signals for the synchronization of a system for process- 
ing digital data packets, in particular suitable for syn- s 
chronizing a digital television signal receiver apparatus 
with a transmitter set. 

In general, digital television signals are decoded in 
a decoder of a reception apparatus, by selecting audio 
and video data packets from the incident signals and io 
decoding these packets so as to form audio and video 
data streams, respectively. 

The audio data streams are decoded using an audio 
decoder in order to form an analog acoustic signal. 

Similarly, the video data streams are used to form is 
an image of both the chrominance and luminance sig- 
nals. 

Digital television signals are currently transmitted 
using the format of a standard referred to as MPEG, 
which fixes the frequency of the transmitter apparatus 20 
at 27 MHz. 

In order to obtain correct synchronization between 
the image and the sound, it is necessary to synchronize 
the reception apparatus with the transmitter apparatus. 

According to the MPEG standard, in particular un- 2s 
der the MPEG2 format, data packets in the television 
signal are used for transmitting very precise and very 
reliable clock reference values, allowing the reception 
apparatus to generate a clock signal with a view to syn- 
chronized processing of the audio and video signals. 30 

Currently, reception apparatuses which can extract 
a program clock reference value from a data packet and 
can synthesize such a synchronization clock signal from 
this value fully decode all of the packet and consequent- 
ly require relatively complex decoding means and high- 3S 
capacity storage means. 

Furthermore, the clock signal generators fulfilling 
this function are currently implemented in hardware 
form and are therefore specific to one format. 

The object of the invention is to overcome these 40 
drawbacks. 

The subject of the invention is therefore a generator 
of clock signals for the synchronization of a system for 
processing digital data packets, each comprising a use- 
ful signal and a header signal containing information re- 45 
lating to the contents of the useful signal, in a transmitter 
apparatus, on the basis of program clock reference val- 
ues each transmitted by one of the said packets, com- 
prising counting means which are suitable for storing a 
program clock reference value and are incremented un- so 
der the control of a voltage-controlled oscillator, and 
means for storing the contents of the counting means, 
characterized in that it includes hardware means for de- 
coding the header signal of each packet and which are 
suitable for extracting from this header signal a charac- 55 
teristic indicating the presence, in the useful signal of 
the corresponding packet, of an adaptation field com- 
prising bits for the coding of the program clock reference 



value, so as to cause the transfer of the contents of the 
counting means into the storage means and a central 
processing unit providing for the decoding of the useful 
signal of each packet so as to decode the said program 
clock reference value and making a correction to the val- 
ue held in the storage means as a function of the number 
of transitions of the voltage-controlled oscillator be- 
tween the position of the said characteristic indicating 
the presence of an adaptation field and the position of 
the said program clock reference value in the useful sig- 
nal, the said central processing unit furthermore provid- 
ing for the calculation of the said control voltage driving 
the said voltage-controlled oscillator so as to produce 
the said synchronization signals. 

The generator furthermore includes software 
means for decoding the useful signal of each packet so 
as to extract therefrom a field indicating the presence of 
a clock reference value in this useful signal and an ini- 
tialization control field, the said central processing unit 
causing the storage of the program clock reference val- 
ue in the said counting means in response to the said 
fields and the said decoding software means consisting 
of the said central processing unit. 

According to a particular embodiment, the counting 
means include a counting circuit proper for storing some 
of the bits for coding the program clock reference value 
and an expansion of complementary capacity, consist- 
ing of a memory operated by the central processing unit 
in response to an interrupt signal generated by the said 
counter. 

Preferably, the said clock reference values being 
coded over forty-two bits, the counter is a counter with 
sixteen bits and the expansion is an area of a static ran- 
dom-access memory of complementary capacity. 

According to another embodiment, the means for 
storing the contents of the counting means include a 
register with memory and an expansion of complemen- 
tary capacity, consisting of an area of a static random- 
access memory, for storing the contents of the counting 
means. 

Advantageously, the said program clock reference 
values being coded over forty-two bits, the latch has a 
capacity of sixteen bits and the expansion is an area of 
a static random-access memory of thirty-two bits. 

Thus, according to these latter embodiments, the 
operation of the centra! processing unit is facilitated and 
simplified. 

The invention will be more clearly understood on 
reading the following description, given solely by way of 
example and made with reference to the appended 
drawings, in which: 

Figure 1 illustrates the structure of a conventional 
digital television signal; 

Figure 2 is a block diagram of a conventional clock 
signal generator for synchronizing a reception ap- 
paratus, on the basis of clocks of clock reference 
values transmitted by the signal in Figure 1; 
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Figure 3 is a block diagram showing the architecture 
of a synchronization clock signal generator accord- 
ing to the invention; 

Figure 4 shows an incrementation cycle of a syn- 
chronization clock reference counter of the gener- 
ator in Figure 3; and 

Figure 5 is a block diagram illustrating a cycle tor 
acquisition and processing of a reference clock ref- 
erence value. 

Figure 1 represents the structure of a digital televi- 
sion signal in the MPEG2 format. 

This figure represents, enlarged from top to bottom, 
the various constituent elements of a data packet. 

According to the MPEG2 format, the signal consists 
of a set of digital data packets, for example 10, each 
including 1 88 bytes and transmitted by a transmitter ap- 
paratus at rates close to 60 Mbits per second in series, 
and in parallel at rates close to 7.5 Mbits per second. 

Each packet 1 0 consists of a header signal 1 2, com- 
prising 4 bytes, and a useful digital data signal 14 com- 
prising 184 bytes. 

Figure 1 also shows that the header signal 12 in- 
cludes various useful fields for identifying and decoding 
the corresponding packet. These fields are as follows: 

a synchronization indicator 16, coded over 8 bits, 
a transport error indicator 18 coded over one bit, 
a start of useful or playload signal indicator 20, cod- 
ed over one bit, 
- a transfer or transport priority indicator 22, coded 
over one bit, 

a packet identifier 24, coded over thirteen bits, 
a transfer scrambling control indicator 26, coded 
over two bits.. 

an adaptation field control indicator 28, coded over 
two bits, and 

a continuity counter 30, coded over four bits. 

Each header signal 1 2 provides information relating 
to the contents of the useful digital data signal 1 4. Thus, 
the packet identifier 24 identifies the address of the 
packet to which it belongs, the packets containing a 
clock reference value being identified by a unique pack- 
et identifier 24. 

Thus, in addition, the adaptation field control indi- 
cator provides an indication of the contents of the useful 
signal 14, according to the following coding: 

a value fl 0O B indicates that the corresponding packet 
should be eliminated, 

a value "01 " indicates that, if the start of useful sig- 
nal indicator 20 is equal to "1", the useful signal 
starts with a header signal of a data stream PES 
which indicates that a new image sequence or au- 
dio sequence is being transmitted, or otherwise that 
the useful signal contains a video or audio se- 
quence, and 



a value °1 X" indicates that the useful signal contains 
an adaptation field 32 for the reception apparatus, 
without providing an indication on the existence of 
a clock reference value. 

5 

According to the latter configuration, in which the 
adaptation field control indicator 32 is equal to a 1 X', the 
adaptation field for the reception apparatus contains, in 
particular, optional fields 34 for the coding of a synchro- 
io nization clock reference value 36, hereafter referred to 
as PCR, coded over forty-two bits, of a discontinuity in- 
dicator 38 coded over one bit, indicating that the follow- 
ing PCR value should be used for initializing the gener- 
ator, and a flag 40, coded over one bit, indicating the 
75 presence in the packet of a PCR value, referred to here- 
after as a PCR flag. 

The other bits in the useful signal 1 4, not being used 
in the context of the invention, are represented by a 
cross and are not explained hereafter. 
20 Figure 2 represents the structure of a synchroniza- 
tion clock signal generator of known type, making it pos- 
sible, on the one hand, to extract a clock reference value 
PCR from a data packet whose structure has just been 
described, and, on the other hand, to generate from this 
25 value a clock signal for the synchronization of the recep- 
tion apparatus with a transmitter apparatus. 

The clock signal generator 42 receives as input the 
digital data packets 10, only one of which has been rep- 
resented in this figure. Hereafter, it will be assumed that 
30 this data packet 10 includes an adaptation field 14 in 
which a PCR value 36 is coded. 

The generator 42 includes packet decoding means 
46, means 48, with a capacity of forty-two bits, for storing 
a new PCR, a forty-two bit PCR counter 50, means 52 
35 for storing a current PCR, with a capacity of forty-two 
bits, a central processing unit 54 and a voltage-control- 
led oscillator 56. It furthermore includes a digital filter 
57, a register 58 intended to contain an analog PCR val- 
ue! a digital-analog converter 60 of the sigma-delta type, 
40 and a low-pass filter 62. 

This generator operates as follows. 
The decoder 46 receives the packet 10, as repre- 
sented by the arrow F, and decodes the header signal 
12 and the data signal 14. During this decoding, it de- 
45 termines in particular the value of the adaptation field 
control indicator 28 (Figure 1). When the useful signal 
14 contains an adaptation field 32, the decoder 46 
stores the value of the discontinuity indicator 38 and the 
PCR flag 40 in a random-access memory, not represent- 
50 ed. 

The central processing unit 54 then tests the value 
of these fields. 

If the discontinuity indicator 38 is equal to '1 ", thus 
indicating that the following value of the PCR should be 
55 used to initialize the generator, the following PCR value 
36 is transferred from the means 48 for storing a new 
PCR to the PCR counter 50. 

Furthermore, if the PCR flag is equal to u r, thus 
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indicating that the packet contains a new PCR, the de- 
coder 46 generates a control signal intended for the stor- 
age means 48 and 52, so that the new PCR value 36 
received can be stored in the means 48 tor storing a new 
PCR and for the contents of the PCR counter 50 to be 
transferred to the means 52 for storing a current PCR. 

The central processing unit 54 reads the values 
contained in the means 48 for storing a new PCR and 
in the means 52 for storing a current PCR, and calcu- 
lates the mean value of these values. This mean value 
is stored in the register 58, converted into a digital value, 
filtered then delivered at the input of the voltage-control- 
led oscillator 56, which then delivers the synchronization 
clock signal which drives the PCR counter 50. 

As mentioned above, this type of synchronization 
clock signal generator fully decodes the packets and 
consequently requires high -capacity storage means 
and complex decoding means. 

Furthermore, since the value of the PCR is extract- 
ed by means implemented in hardware form, this type 
of generator is specific to only one application and can- 
not therefore process data packets present in another 
format of the MPEG family. 

Figure 3 represents a block diagram of a synchro- 
nization clock generator according to the invention, 
making it possible to overcome these drawbacks. 

This synchronization clock signal generator in- 
cludes a circuit 64 for decoding the header signals 12 
of the incident packets 10, which is connected to a cen- 
tral processing unit 66 associated with a random-access 
memory of the static type (SRAM) 68 and with a read- 
only memory (ROM) 70, to an interrupt logic circuit 72 
and to a counting circuit 74 connected to a storage cir- 
cuit 76, to the interrupt logic circuit 72 and to the central 
processing unit 66. 

The counting circuit 74 is suitable for storing the 
PCR values 36 transmitted by the packets 10. It has a 
capacity of sixteen bits and includes a thirty-two bit ex- 
pansion 68-a arranged in the SRAM memory 68. 

It is furthermore incremented on each transition 
pulse of a voltage-controlled oscillator 78 to which it is 
connected. 

The storage circuit 76 is suitable for storing the con- 
tents of the counting circuit 74, as will be explained be- 
low. It consists of a register with memory having a ca- 
pacity of sixteen bits and also includes an expansion 
68-b in the SRAM memory 68. 

The clock signal generalor is supplemented by a 
digital filter 79 integrated in the central processing unit 
66 and connected to a register 80 of the sigma-delta 
type and to a digital-analog converter 82, also of the sig- 
ma-delta type. This converter 82 delivers, via a low-pass 
filter 84, a control voltage for the voltage-controlled os- 
cillator 78. 

The operation of the synchronization clock signal 
generator according to the invention will now be de- 
scribed with reference to this Figure 3, as well as to Fig- 
ures 4 and 5. 



Figure 4 represents an increment cycle of a count- 
ing circuit 74, performed independently of the cycle for 
acquiring and processing the PCR value, represented 
in Figure 5. 

5 The increment cycle starts with a step 86, during 
which the counting circuit 74 is awaiting a clock pulse 
from the voltage-controlled oscillator 78. 

As soon as such a pulse is presented at the input 
of this counter 74, the latter is incremented by ■ 1 during 

10 step 88. 

When the maximum capacity of this sixteen bit 
counting circuit 74 is reached, it delivers a control signal 
to the interrupt logic circuit 72 (step 88). When this in- 
terrupt circuit 72 has, during a step 90, determined the 
15 presence of this control signal, it delivers an interrupt 
signal IT (step 92) intended for the central processing 
unit 66. - 

It should be noted that the previous steps, 86 to 92, 
are performed by hardware means consisting of a 

20 counting circuit 74 and ol the interrupt logic circuit 72, 
the following steps being performed by the central 
processing unit 66. 

When the central processing unit 66 receives the 
interrupt signal IT from the interrupt circuit 72, it exe- 

25 cutes during step 94 a known increment subroutine in- 
tended for incrementing, in step 96, the expansion 68-a 
of the counting circuit 74 located in the SRAM 68. 

Furthermore, and independently, the clock signal 
generator executes a PCR value acquisition cycle which 

30 will now be described with reference to Figure 5. 

First of all, during a first step 98. the decoding circuit 
64 receives as input each packet 1 0, as represented by 
the arrow F, and decodes the header signal 12 of each 
incident packet 10. In the rest of the description, it will 

35 be assumed that a single packet 10 is received by the 
clock signal generator, although, in practice, the input 
signal consists of a set of packets transmitted in series 
at a frequency of 60 Mbits per second or in parallel at a 
frequency of 7,5 Mbits per second. 

^0 During decoding, the circuit 64 tests in particular the 
value of the two bits of the adaptation field control indi- 
cator 28 so as to determine, during step 100, whether 
the useful signal 14 contains an adaptation field 32 (Fig- 
ure 1 ). 

45 If so, the decoding circuit 64 sets to 1 a control sig- 
nal °TP_AF" intended for the storage circuit 76 (step 
1 02) so as to transfer the contents of the counting circuit 
74 to this storage circuit 76, then sets this control signal 
TP_AF to zero (step 104). 

50 During the following two steps 1 06 and 1 08, all the 
data of the packet 10 are stored in the SRAM memory 
68, then this decoding circuit 64 delivers an end of pack- 
et signal EOP to the interrupt logic circuit 72, which then 
delivers another interrupt signal IT to the central 

55 processing unit 66 (step 110). 

It should be noted that all the preceding steps 98 to 
110 are performed by hardware means consisting of the 
decoding circuit 64, the counting circuit 74, the storage 
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circuit 76 and the interrupt logic circuit 72, the following 
steps being performed by software in the central 
processing unit 66. 

In response to the interrupt signal IT, the central unit 
66 runs a known subroutine for decoding the adaptation 
field 32 (step 112). 

During the following step 114, it tests the value of 
the discontinuity indicator 38, which indicates, if it is 
equal to 1 , as mentioned above, that the following PCR 
value should be used to initialize the generator. 

If the value of the discontinuity indicator 38 is equal 
to u 1 tt t the central processing unit 66 sets an initialization 
flag intended for the counting circuit 74 and for its ex- 
pansion in the SRAM 68, in order to indicate that the 
following PCR value 36 will need to be directly stored 
therein. 

Thus, the reception set will be synchronized with a 
clock frequency corresponding to the PCR value. 

In the following step 1 1 8, the central processing unit 
66 tests whether the value of the PCR flag is equal to 
"1 " and, as mentioned above, signals the presence of a 
PCR 36 in the useful signal 14. 

If this flag is at 1, during step 120 the central 
processing unit 66 decodes the PCR 36 then calculates, 
during the following step 122, the current PCR value 
used for synchronizing the reception apparatus with the 
transmission apparatus. 

In order to perform this calculation, the central 
processing unit 66 recovers the contents of the storage 
circuit 76 in which is stored the value of the PCR count- 
ing circuit 74 transferred during the decoding of the 
header signal 12, then calculates a correction corre- 
sponding to the number of transitions of the voltage-con- 
trolled oscillator 78 between the position of the adapta- 
tion field control bits 28 and the position of the last byte 
of the new PCR value. This correction is added to the 
contents of the counting circuit 74 and to the expansion 
in the SRAM memory 68. 

During this calculation step 122, another correction 
is made if the PCR counting circuit 76 has been incre- 
mented by the PCR value increment cycle 74. This cor- 
rection is made by comparing the contents of the count- 
ing circuit 74 with the contents of the storage circuit 76. 

During the following step 126, the current PCR val- 
ue calculated is presented as input to the digital filter, 
which smooths and attenuates the PCR value variations 
in accordance with the MPEG standard, which sets a 
maximum variation rate for the reference clock equal to 
75 KHz per second. 

The filtered value is then stored in the register 80, 
presented as input of the digital/analog converter 82 and 
filtered by the lower-pass filter 84 in order to drive the 
voltage-controlled oscillator 78 (step 128). 

In response to this current PCR value, the voltage- 
control oscillator 78 generates the synchronization clock 
signals for the receiver apparatus, the frequency of 
which is between 26 999 460 Hz and 27 000 540 Hz. 
It can be seen that the synchronization clock gen- 



erator which has just been described makes it possible 
to synchronize a reception apparatus with a transmitter 
apparatus according to two modes: 

s - the first mode consists in initializing the generator 
by synchronizing it substantially periodically with a 
reference clock whose frequency corresponds to a 
PCR value, which corresponds to a relatively fast 
variation in the control clock of the reception appa- 

70 ratus, 

the second mode consists in calculating the current 
PCR value used by the reception apparatus so as 
to make it converge to that of the PCR transmitted 
by the incident signal. According to this second 

is mode, the variation in the synchronization clock sig- 
nal takes place relatively slowly and therefore does 
not risk causing data tosses. 

It can also be seen that, since this generator is par- 
20 lially implemented in the form of software means, it can 
be used according to different formats of the MPEG 
standard. 



25 Claims 

1. Generator of clock signals for the synchronization 
of a system for processing digital data packets (10), 
each comprising a useful signal (14) and a header 

30 signal (12) containing information relating to the 
contents of the useful signal (14), in a transmitter 
apparatus, on the basis of program clock reference 
values (PCR) each transmitted by one of the said 
packets, comprising counting means (68-a, 74) 

35 which are suitable for storing a program clock ref- 
erence value (PCR) and are incremented under the 
control of a voltage-controlled oscillator (78), and 
means (68-b, 76) for storing the contents of the 
counting means (68-a, 74), characterized in that it 

40 includes hardware means (64) for decoding the 
header signal (12) of each packet (10) and which 
are suitable for extracting Irom this header signal 
(1 2) a characteristic (28) indicating the presence, in 
the useful signal (14) of the corresponding packet 

45 (10), of an adaptation field (32) comprising bits for 
the coding of the program clock reference value 
(PCR), so as to cause the transfer of the contents 
of the counting means (68-a, 74) into the storage 
means (68-b, 76) and a central processing unit (66) 

so providing for the decoding of the useful signal (14) 
of each packet (10) so as to decode the said pro- 
gram clock reference value (PCR) and making a 
correction to the value held in the storage means 
(68-b, 76) as a function of the number of transitions 

55 of the voltage-controlled oscillator (78) between the 
position of the said characteristic (28) indicating the 
presence of an adaptation field (32) and the position 
of the said program clock reference value (PCR) in 
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the useful signal (14), the said central processing 
unit (66) furthermore providing for the calculation of 
the said control voltage driving the said voltage- 
controlled oscillator (78) so as to produce the said 
synchronization clock signals. 

2. Generator of clock signals according to Claim 1, 
characterized in that it furthermore includes soft- 
ware means for decoding the useful signal (14) of 
each packet (10) so as to extract therefrom a field 
(40) indicating the presence of a program clock ref- 
erence value (PCR) in this useful signal and an in- 
itialization control field (38), the said central 
processing unit (66) causing the storage of the pro- 
gram clock reference value (PCR) in the said count- 
ing means (68-a, 74) in response to the said fields 
(38, 40) and the said decoding software means con- 
sisting of the said central processing unit (66). 

3. Generator of clock signals according to either of 
Claims 1 or 2, characterized in that the counting 
means (74) include a counting circuit (74) proper for 
storing some of the bits for coding the program clock 
reference value (PCR) and sr- expansion of com- 
plementary capacity, consisting of a memory (68) 
operated by the central processing unit (66) in re- 
sponse to an interrupt signal (IT) generated by the 
said counter (74). 

4. Generator of clock signals according to Claim 3, 
characterized in that the said program clock refer- 
ence values (PCR) being coded over forty-two bits, 
the counter (74) is a counter with sixteen bits and 
the expansion is an area of a static random-access 
memory (68) of complementary capacity. 

5. Generator of clock signals according to any one of 
Claims 1 to 4, characterized in that the means for 
storing the contents of the counting means include 
a register with memory (76) and an expansion of 
complementary capacity, consisting of an area of a 
static random-access memory (68), for storing the 
contents of the counting means (68-a, 74). 

6. Generator of clock signals according to Claim 5, 
characterized in that the said program clock refer- 
ence values (PCR) being coded over forty-two bits, 
the latch (76) has a capacity of sixteen bits and the 
expansion is an area of a static random-access 
memory (68) of thirty-two bits. 

7. Generator of clock signals according to any one of 
Claims 1 to 6, characterized in that it furthermore 
includes a digital filter (79) for smoothing the varia- 
tions of the synchronization clock signal, integrated 
with the central processing unit (66). 

8. Generator of clock signals according to any one of 



Claims 1 to 7, characterized in that the digital data 
packets are digital packets of a television signal 
transmitted, serially, at speeds substantially equal 
to 60 Mbits per second, the said synchronization 
5 clock signals having a nominal frequency substan- 
tially equal to 27 Mhz. 

9. Generator of clock signals according to any one of 
Claims 1 to 7, characterized in that the digital data 
10 packets are digital packets of a television signal 
transmitted, in parallel, at speeds substantially 
equal to 7.5 Mbits per second, the said synchroni- 
zation clock signals having a nominal frequency 
substantially equal to 27 Mhz. 
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